The most commonly occurring of the natural poly- a tetramine]. One or more of these compounds are present in every living cell. All are found in eukaryotes; spermine is absent from most prokaryotes. The polyamines are essential for cell growth and differentiation [ [1] [2] [3] . Their concentrations vary with the cell cycle, and induction of polyamine biosynthesis is one of the first events in cell proliferation, preceeding both protein and nucleic acid synthesis. lntracellular polyamine concentrations are subject to elaborate control by both biosynthetic and catabolic reactions. In addition, most cells appear to possess a polyamine transport system that can, under appropriate conditions, substitute for synthesis de nooo 14.51. and may also be the mechanism by which cells in culture secrete excess polyamines into the medium [ h I.
What do the polyamines do? At present there is no satisfactory answer to this question. The polyamines influence a confusingly large number of biological processes but the molecular mechanisms by which they do this are still largely unknown. In mammals, the enzymes of polyamine metabolism have been well conserved in evolutionary terms, as shown by the high degree of similarity demonstrated by sequence data for the ornithine decarboxylases to much effort to develop therapeutically useful anti-neoplastic agents that would interfere with, or regulate, these processes in hyperproliferative diseases, a topic touched on by more than one speaker in this colloquium. The use of polyamine levels in body fluids as diagnostic markers or as indices of therapeutic effect has also been subject to extensive study [111 but the results have, with some exceptions, been disappointing. € lowever, studies of polyamine metabolism in a number of pathogenic parasites. some of which are described here, have led to the identification of a number of potential therapeutic targets in these organisms and should result in the development of new chemotherapeutic agents. Polyamines are also modulators of synaptic function and constituents of some of the non-peptide venoms of spiders and wasps that are selective inhibitors of the glutamate receptors of the central nervous system. Many plant compounds contain polyamine residues, including several families of alkaloids. To quote Coffino [ 121, 'Polyamines are doing some important things, but we do not know what they are.' Clearly, there is much to be done. the first enzyme in the polyamine biosynthetic pathway. It is very highly regulated in mammalian cells in order to provide a polyamine level commensurate with the cellular growth rate. Regulation occurs by means of changes in the amount of ODC protein and these changes are brought about at the level of transcription, at the level of translation, and posttranslationally by variations in the rate of protein degradation. The degradation of ODC is controlled by a protein termed antizyme. which binds to it and renders it susceptible to degradation by the 26s proteasome [ 1-3 1. Detailed reviews of the biochemistry and molecular biology of ODC and its value as a target for the design of therapeutic agents have been published [4-71. In the present article, more recent studies on the structure and function of the enzyme and on its translational regulation are discussed.
Structure and function of ODC
0 1 >C is a pyridoxal 5'-phosphate (P1,P)-dependent enzyme which acts physiologically on 1.-ornithine to form putrescine. I.-I,ysine is also attacked, forming cadaverine, but the K,,, for this reaction is very high, and cadaverine is found only under unusual conditions where there is overproduction of ODC and a limited availability of ornithine [ 8.91.
In order to convert the putrescine formed by ODC into spermidine and spermine, an aminopropyl group must be added. The supply of the aminopropyl donor, decarboxylated S-adenosylAbbreviations used: AdoMetlIC, S-adenosylmethionine decarboxylase; DFMO, a-difluoromethylornithine; ODC. 'To whom correspondence should be addressed.
methionine. is frequently the limiting factor in this conversion, and it is therefore not surprising that there is little increase in the content of spermidine and spermine under conditions where ODC is elevated without a comparable rise in the activity of Sadenosylmethionine decarboxylase ( AdoMetDC).
A large number of enzyme-activated irreversible inhibitors of 0 I ) C have been synthesized. including a-difluoromethylornithine (IIFMO). This compound is now used for the treatment of African sleeping sickness and has considerable potential for other therapeutic applications, including use as a chemopreventive agent in persons at high risk for development of malignancies [ 71.
Key residues in ODC
The active form of mouse O I X . which is virtually identical to the enzyme from humans and rats, is a dimer of two identical subunits of 461 amino acids (Figures la and lb) . The lysine residue responsible for the formation of a Schiff base with PLP is 1,ys-69 [ 101. Mutation of this lysine to alanine or arginine drastically reduces the ODC activity [11] [12] [13] [14] . However, as shown in Table I , the K69A mutant, which was readily purified to homogeneity using chromatography on pyridoxamine-agarose, does have a readily measurable ODC activity, although the k,,, / K n , ratio is reduced 550-fold compared with wild-type [ 121.
When ODC is inactivated by DFMO, a stoichiometric amount of a covalent adduct is formed with the protein. The major site for this reaction is Cys-360 and -90% of the bound DFMO derivative is formed at this site [ 101. This adduct has been identified as a cyclic imine, S-[(2- (1 -pyrroline) )methyl]-cysteine [ 101. This result suggested that Cys-360 must be located at the active site and the importance of this residue has been confirmed by mutation of this cysteine to serine or
